The evolution of microstructure during powder compaction process was investigated using a discrete particle modeling, which accounts for particle size distribution and material properties, such as plasticity, elasticity, and interparticle bonding. The material properties were calibrated based on powder maximum value of the tensile contact forces remains the same. During unloading of the compaction pressure, the distribution approaches a normal distribution with a mean value of zero. As the contact forces evolve, the anisotropy of the powder bed also changes. Particularly, during loading, the compression contact forces are aligned along the direction of the compaction pressure, whereas the tensile contact forces are oriented perpendicular to direction of the compaction pressure. After ejection, the contact force becomes isotropic.
compaction experiments and validated based on tensile strength test experiments for lactose monohydrate and microcrystalline cellulose, which are commonly used excipient in pharmaceutical industry. The probability distribution function and the orientation of contact forces were used to study the evolution of the microstructure during the application of compaction pressure, unloading, and ejection of the compact from the die. The probability distribution function reveals that the compression contact forces increase as the compaction force increases (or the relative density increases), while the authors showed that for a given compaction pressure, the strain decreases contact force on a pair of contacting particles is decreasing), or reloading mode (where a previously contacting particles are overlapping again). ing loading mode, the particles are restricted to follow a power-law plasticity 166 model (Martin and Bouvard, 2004; Mesarovic and Johnson, 2000; Storåkers 167 et al., 1997 Storåkers 167 et al., , 1999 ,
where k and m are particle plastic parameters, ϵ and σ are strain and stress 169 of the particles, respectively. The contact force (P ) between two particles is 170 computed as
where a is the radius of the contact area between the pair of contacting
, γ is the overlap between two contacting particles, 173 and m is the average plastic parameter, m = (m 1 + m 2 )/2 (the subscripts 174 refer to the pair of contacting particles). The parameter k p is given as
where R is the radius of the particles, K = 3 × 6 − 1 m , c 2 = 1.43exp
.
176
During the unloading of the contact force, P is computed as,
where a p is the radius of the contact area at the maximum P during the loading phase, ω is the bonding energy per area, and E m is the effective
where E is the Young's modulus, ν is the Poisson Ratio.
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The material properties of the particles in the simulation were calibrated 182 by comparing the compressibility of the powders (compaction pressure vs. ing parameters than that of lactose ( Relative density Compaction pressure (MPa) experiment k=150E6, m=4, ω=500, E=4E9 k=150E7, m=1 k=150E6, m=3 k=300E6, m=3 E=3E9, ω=500 E=10.0E9, ω=1100 
